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DEFINITION OF THE INFLUENCE OF TECHNOLOGICAL AND CONSTRUCTIVE
PARAMETERS OF TECHNICAL SYSTEMS ON ENERGY-POWER
CHARACTERISTICS OF PNEUMATIC-SHOCK FORMING

On the basis of the developed mathematical model a refined method of energy-power parameters calculating of
pneumatic-mechanical forming is created with taking into account constructive and technological parameters
of the technical system equipment. The dependences for determining the maximum pressure in the system with
its rigidity are obtained and the temporal characteristics of deformation and load with account of rigidity of
the technical system base are determined. Defined dependences enable to manage effectively the pneumatic

impact deformation process.
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Introduction

The most important task of the aerospace engineer-
ing industry is the production of competitive products
while increasing productivity and reducing labour inten-
sity of production. In the case of plate-stamping produc-
tion, especially in the the specific conditions of the aer-
ospace manufacturing at discrete-unstable programs of
products release method of the high-speed forming
based on technology and equipment of pneumatic-
mechanical forming by liquid and elastic environments
meets these requirements in full, compared to traditional
stamping tool [1].

This technology allows to perform all types of
forming of parts from sheet blanks, and spatial blank
thickness of from 0,1 to 4,0 mm operations.

Statement of the problem

The effective solution of major technological prob-
lems associated with the deformation of the stamped
material is impossible without the creation of reliable
and convenient methods for determining the influence
of design-technological parameters of the technical sys-
tem equipment "hammer-liquid-workpiece" on the en-
ergy characteristics of the pneumatic impact loading
parameters (maximum pressure and time of loading).

It is known that these parameters have significant
influence on the stampability of the material, the manu-
facturing accuracy of parts and the stability of the high-
speed forming process [2].

As the analysis of existing domestic research has

shown, modern methods of pneumatic impact forming
energy calculation have quite general nature [3—6] and
do not represent the most essential features of this
process [7-10].

Below is a brief analysis of recent foreign studies.

Work [11] covers the basics of hydroforming of
tubes and sheet metal hydroforming, with guidelines for
product design, material selection, and computer simu-
lation of the process and tool design.

Work [12] is described in general terms the experi-
ence of applying pulsed electromagnetic sheet metal
forming, cutting and trimming and cleaning of cylinder
heads of internal combustion engines.

Work [13] is described in detail technology of high
speed forming. However, in the considered work did not
show the calculation methodology for a specific serial
equipment pneumomechanical pulse forming.

Work [14] is described the experimental set-up of
the liquid shock tube and presents the results of experi-
ments performed with fully clamped circular copper
disks subjected to the impulsive load of the liquid shock
wave. The strain conditions of the deformed disks are
determined and the deformation energy is calculated.
Also the theoretical approach to predict the midpoint
deflection of the specimen is given. Experimentally are
determined the local and average strain rate.

Work [15] on the influence of significant process
parameters, such as the working media density, on the
pressure distribution when using the pneumomechanical
and electrohydraulic high speed processes forming.
These results showed that the change of the working
media density, for example, can effectively increase the
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pressure effect during forming. A comparison of elec-
trohydraulic and pneumomechanical forming showed
that it is possible to achieve a clear geometry edges of
the workpiece with the aid of the two above-mentioned
processes which cannot be achieved with the conven-
tional process. Thus, these processes have a high poten-
tial for the production of complex shapes due to the op-
timal use of the deformability of the material used.

Work [16] analyzes the impact of various process
parameters on the forming result, and especially on the
reproducibility and reliability of each process, with the
aim of creating a pneumomechanical and electrohydrau-
lic forming is suitable for industrial use. One of the im-
portant objectives of this research work is to analyze the
impact and interactions of the kinetic energy and the
venting of the acceleration tube on the forming result
with pneumomechanical forming.

In the works discussed above have not considered
the issues of influence on the process pneumomechani-
cal forming the dependencies maximum pressure in the
system with its rigidity and the temporal characteristics
of deformation and load with account of rigidity of the
technical system base.

The purpose of research

The research is aimed at developing of reliable en-
ergy-power parameters of pneumatic-shock forming of
parts calculating methods taking into account construc-
tive and technological parameters of the technical
equipment system.

The main material

In this article we present the main results obtained
during the development of the methodology for calcu-
lating the impact energy and certain linear dimensions
of the working chambers for operations in which the
deflection of the workpiece during a single loading is
small compared with the size of details in plan, the re-
sistance to plastic deformation can be considered pro-
portional to the deflection. This assumption gave a pos-
sibility to express the inertial and elastic characteristics
of the workpiece through the coefficientsm,, and ky, ,

taking them for constant values.

Since the subject of the study was the final stage of
the workpiece deformation, wherein the technical
equipment system "hammer — liquid — workpiece" was
considered as a single system, making free vibrations
and deduced from the equilibrium state by the hammer
blow against fluid. They also believed that such a model
can be saved until the moment of hammer rebound from
the liquid. The studied system is not conservative as the
workpiece is plastically deformed. Since the definition

of the dissipative function is a rather complicated task
that requires individual approach to each workpiece,
usually in the form of reliable experimental data, in this
case a different approach is used: a solution of the prob-
lem for two cases is given. In the first case, the system
is considered to be conservative, in the second one dis-
sipative losses are taken into account, however, the
damping properties of the system are estimated to the
maximum. Since the solutions are close to each other in
a quantitative sense, any real case can be estimated as
intermediate between these two given. For the base
model while developing a design scheme cylindrical
working chamber with rigid walls was taken, in the bot-
tom of which (x = 0) the blank is located, a liquid col-
umn with height L, the density p, the mass m, the cross-
sectional area F is above the workpiece. The loading is
carried out by solid body (hammer) with weight my,

and an initial velocity V.
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Figure 1. Design scheme

Figure 1 shows a diagram of the working chamber and a
dynamic design scheme, from which follows that the
problem reduces to solving of a one-dimensional rela-
tive to spatial coordinates linearizing equations
2

C” Uy = Uy (1

together with equations specifying boundary conditions:
u(t,0)- (k —m30%) = E-F-uy (t,0);

u(t,L)-mye® = E-F-u, (t,L);
u(0,x) =0;
u;(0,x) =ug-exp N(x/L-1);
p=E-ug;
where u — the displacement of section x at the instant t;
¢ — the speed of sound in the liquid;
N — some positive number, N> 1, N> f3;
p — the pressure of fluid in cross section x at the in-
stant t;
t=t-c/L —time in relative units;
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o — circular frequency associated with the period T
in ratio @=27/T and equal ®=Bc/L, where p — positive
roots of the frequency equation:

g — th = &BZB
B n—yB
Here we introduce the dimensionless parameters:
the relative mass of the liquid o = m;/my, , where m; —
mass of the liquid; the relative mass of the workpiece
y=m,, /my, where m,, — mass of the workpiece; the

relative rigidity of the workpiece n=ky, /k., where

Cc>
k. the stiffness of the working chamber, for cylindrical
chamber k, =E-F/L. Analytical solution of the given

system has the form:

w Bi-cosBi'X
u= : 5 +sin— |- B; -sinoyt;
¢ i n-vB L
1 f;
BI=B—- 1 5 ;
! 0,5-a~si+f3+L'32i2
(n—y-Bi)
Bi :
fi=—12+sm[3i;
n—y-f
2 . .2 .

S, = B; . '[1+sm2[3iJ+251n Bé+{l_sm2[3ij.
n-y-Bi 2Bi ) n-y-p; 2B;
Assuming x=0, we have for workpiece

v 'L 0 0
u=-Y Zai~sinBi-r=ZAi~sinBi-t, )
i=1 i=1

where

B: -B.
alz 1 12;
n—y-f
0
p=p-c-VOZBi-Bi-SinBi-t. 3)

i=1
Since a real system is not conservative, its total en-
ergy over time is reduced. The energy change was eval-
uated in the following way. If we restrict with two har-
monic components, the system energy, for example, at
the instant 1 =37/2B, equals

A3 . [ 3np
e=gg—ky —2—ky -A[-A,-sin L 4
0~ Kw == Kw - Ar-Ag [232 J )
Through summation of all the harmonic compo-
nents and time deformation of the workpiece 1, the

expression (4) can be transformed to & = g -¢ >,

where

Rt a . P
—2r(r)=z Z In 1—ni—2n1a—~smB—(2k—(p) ,

i=2 k=l 1 i

for even harmonics ¢=0,5, for odd — ¢=1,5; k; — integer
and it is equal to
k]zroz—fi; nizoc-n~a12.

Assuming the total energy of the system as vari-
able and assuming that the oscillation frequency of the
system remains equal to the frequency of free oscilla-
tions, we get the expression for determining the pressure
on the workpiece taking into account dissipative losses
at T<ty:

0
p=p-c-vy -e_r(T)ZBi -B; -sinf; - 1.
i=l

Since in the system under study the pattern of
waves propagation is complex, the analysis of formulas
(2) to (5) was done using a PC.

Comparison of the theoretical results with experi-
mental data showed good convergence of the kinematic,
power and all time parameters, which allowed to con-
clude about the possibility of using the above expres-
sions as the basis for the development of practical me-
thods for the calculation of energy-force and the design
parameters of pneumatic-mechanical installations. Let
kW
mine either impact energy or at a given energy the linear
dimensions of the working chamber. Let's introduce the

)

and u,, be default values. It is required to deter-

designation pg.r =kyuy, /F, where pg.r — nominal

pressure, which can be given the value of maximum
pressure on the workpiece in the working chamber, as-
suming y=0. On the other hand, if we introduce addi-
tional simplification and assume that k,, is approxi-
mately equal to the stiffness of the workpiece in terms
of its static deformation, then pg.r — the pressure re-

quired to obtain a given deflection in terms of the static.
It is y#0 in real systems. However, workpiece is the
most light-mass element of the deformable system. The
analysis showed that in almost all cases of sheet-metal
stamping with material thickness less 1,5 mm y<0,1. In
determining vy it should be meant that the inertial coeffi-
cient m, is less than the mass of the deformable parts of

the workpiece M, and my, =(0,15+0,30)M,, [2].

Fulfilled investigations of the workpiece mass ef-
fect on its final deflection showed that at the existing
facilities in the operating range a, n, v, this effect can be
taken into account with sufficient for practice accuracy
as correction factor A=f(a, n, y)=(0,93+1,05), and in
equation (2) for solving the given tasks the mass of the
workpiece can be neglected, which greatly simplifies
the practical calculation methodology of the impact en-
ergy. Using the expression (2, 3, 5) and dependence

g9 =my -vé /2, after elementary transformations we

get:
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en = Pdef &
07|57 ~ s
A-D) 2E

o0
where D=Dj=+a) B;B;sinf;t, (without taking
i=1

into account dissipative losses);

0
D=D; =¢"Va) BB Sin By Ty
i=1
T, , Tp1 —the duration of maximum pressure;
V, —the volume of liquid in the working chamber;

E — modulus of the bulk compression of the fluid.
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Figure 2. Nomogram for determining
the coefficients: a — Dy, b — D

Figure 2 presents a nomogram, where knowing o
and n it is possible to determine Dy and D,, which were
by the first eight members of the series. The determina-
tion of the cameras linear parameters turns into the de-
termination of coefficient D from the known values of
gy and pger It follows from the nomogram that a set of
values a and n corresponds to single value of D.

Specific values of a and n are fixed by additional
data: area of the plot on which the required pressure is
created at the minimum possible liquid volume V; etc.

Practical techniques training showed that the coef-
ficient D by its numerical value is closer to Dy only for
calibration operations, and in other cases, Dy~ Dj.
When the working chamber is cone, then

_n-dy-dy-E
d;, dy, 1 — accordingly the diameter and height of the

k

cone.

The given nomogram can be used to determine the
maximum pressure on the bottom of the rigid chamber
(without workpiece):

2E80
=D, / .
Pmax 0 Vl

In this casen =k, / k., where k; — the rigidity co-

efficient of the table setup clamping mechanism.

Thus, a mathematical model used in this work
enabled in contrast to the known in the literature [2-4] to
enter in the design formulas the rigidity of the working
chamber base.
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Figure 3. The dependence of the deformation time tg4.r
from the relative hardness of the workpiece n

Figure 3 and 4 shows graphs of the dependences
the workpiece deformation time t4s and load action
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time T, from the relative rigidity of the workpiece n,
that are obtained from the condition equality of the ex-
pressions (2) and (3) respectively u=u,x, p=0 at y=0,
e =1,

\ a=0,125

00 \\
7,0 \\\\\\
~ |/
\\\\ 0=0,5 0=0,7 0=1,0 a=2,0
5,0 =
\

3,0

0 6 12 18 24 n

Figure 4. The dependence of the load action time Tjg,q
from the relative hardness of the workpiece n

The time settings have an impact on, for example,
stampability of the material, the manufacturing accuracy
of parts, and the stability of the process. Thus, the de-
crease Tger reduces parts springy, and increase Tipaq in-
creases the degree of stretch.

Conclusion

1. The method of the maximum pressure in the
chamber of the installation calculating taking into ac-
count the structural parameters and rigidity of the
equipment base has been updated.

2. The given graphic dependences can be effec-
tively used to control the timing of deformation and at
the pneumatic-shock forming process modeling.
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OINIPEAEJIEHUE BJINSHUA TEXHOJIOI'MYECKUX U KOHCTPYKTHUBHBIX
HAPAMETPOB TEXHUYECKOW CUCTEMbBI HA SHEPT OCHJIOBBIE
XAPAKTEPUCTUKHA MHEBMOY JAPHOM IIITAMIIOBKH

E. A. ®ponoes, C. I Acvro, C. H. Kpasuenko

Ha ocHoBanun pa3pa60TaHH0171 MaTeMaTUYECKOH MOZ€CIN COo3aHa YTOYHCHHAsd METOJMWKa pacucTa SHCPTroCHu-
JIOBBIX IMapaMETpPOB IMHCBMOYJIApHOTO q)OpMOOGPaSOBaHI/IH C YUCTOM KOHCTPYKTUBHO-TCXHOJIOT'MYCCKUX MapaMeET-
poB TEXHUYECKOW CHCTEMBI OGOpyI[OBaHI/IH. HOJ'Iy‘IeHI)I 3aBUCUMOCTH IJIA OIPEACICHUA MAKCUMAJIbHOI'O JaBJICHUSA B
CUCTEME C YUYCTOM €€ KCCTKOCTH U OIIPCACIICHbBI BPEMCHHBIC XapaKTCPUCTUKN I[eq)OpMI/IpOBaHI/IH " Harpy>XcHus C
Y4€TOM KCECTKOCTH OCHOBAHUA TEXHHYECKOH CHUCTEMEI. Onpez[eneHHHe 3aBUCUMOCTH I103BOJIAIOT 3(1)(1)CKTI/IBHO
YIpaBJIATh IPOUECCOM ITHEBMOYAAPHOT'O I[e(l)OpMI/IpOBaHI/IH.

KuarwueBble cji0Ba: TEXHOJOTMYECKas CUCTEMA, BBICOKOCKOPOCTHOEC (bOpM006p33OBaHI/Ie, IMHEBMOYJiapHas
IOTaMIIOBKa, SHECPTOCUIIOBBIC MTAapaMETPhbl, TCXHOJOIT'MYCCKUEC XapPAKTCPUCTUKH, KOHCTPYKTUBHBIC XapaKTCPUCTUKH.

BU3HAYEHHA BIIVIMBY TEXHOJIOT'TYHUX I KOHCTPYKTUBHUX TAPAMETPIB
TEXHIYHOI CHCTEMH HA EHEPTOCUJIOBI XAPAKTEPUCTUKHA
IMHEBMOYJIAPHOI IITAMIIOBKHA

€. A. @ponos, C. I Acvro, C. I. Kpasuenko

Ha miarpynTi po3po6ieHoi MaTeMaTHYHOI MOJIENi CTBOPEHO YTOUHEHY METOAMKY PO3PaXyHKY €HEprOCHIOBUX
rapameTpiB ITHEBMOYIApHOro ()OPMOYTBOPEHHS 3 YpaxyBaHHSIM KOHCTPYKTHBHO-TEXHOJOTIYHUX MapaMeTpiB TeX-
HIYHOI cucTeMu oOnanHaHHsI. OTPUMaHO 3aJIEKHOCTI Ul BU3HAYCHHS MAaKCUMAJIBHOTO TUCKY B CHCTEMI 3 ypaxy-
BaHHSM 11 )KOPCTKOCTI 1 BU3HAUEHO YaCOBI XapaKTEPUCTUKH JIepOpMYBaHHS 1 HABAHTAXKEHHSI 3 YPaxyBaHHSIM >KOPCT-
KOCTi OCHOBH TEXHIYHOI CHCTEMH. 3aJIe)KHOCTI, 110 BU3HAYECHO, JJO3BOJISIOTH e()EeKTHBHO KEPYBaTH IIPOIIECOM ITHEB-
MOYZAApHOro e opMyBaHHS.

Karou4oBi ciioBa: TexHONOriYHa cUCTEMa, BUCOKOIIBHUIKICHE (hOPMOYTBOPEHHSI, THEBMOYAapHA MITAMIIOBKA,
€HEPrOCHJIOB] ITapaMeTpH, TEXHOJIOTIYHI XapaKTEPUCTHKH, KOHCTPYKTHBHI XapaKTEPUCTHKH.
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